The distribution of bone marrow cells in brain areas during the acute period after pilocarpine-induced status epilepticus (SE) was investigated here. To achieve this, we generated chimeric mice by engrafting bone marrow cells from enhanced green fluorescent protein (eGFP) transgenic mice. GFP + bone marrow-derived cells were found throughout the brain, predominantly in the hippocampus.
The occurrence of immunologic dysfunction after seizures has been widely demonstrated (Bernardino et al., 2005; Fabene et al., 2008) . Studies from human and experimental epilepsy indicate that after status epilepticus (SE) or epileptic seizures inflammatory cells within the bone marrow cell population have been shown to infiltrate and proliferate in the brain parenchyma, which suggests alterations in immunologic function. Bone marrow-derived cells in the central nervous system (CNS) contribute mostly to the generation of microglia, and the number of microglia that originate from bone marrow increases dramatically after brain damage at the site of injury (Priller et al., 2001; Simard & Rivest, 2004) .
Because bone marrow is an accessible source of progenitor cells, the use of these cells has been speculated to treat neurologic diseases in a number of clinical trials. Therefore, the use of bone marrow cell as a possible treatment for neurologic disorders should be carefully evaluated. It is critical to examine first how endogenous bone marrow cells behave and function after the SE. In this study we investigated the migration, proliferation, and microglial nature of bone marrow-derived cells present in the brain at various time points after pilocarpine-induced SE in chimeric mice that were engrafted with bone marrow cells expressing green fluorescent protein (GFP).
Methods
We transplanted bone marrow from the eGFP transgenic mice into lethally irradiated adult male C57Bl/6 wild-type mice (n = 59). Bone marrow cells were obtained from adult eGFP-donor mice by flushing the femurs and tibiae. Approximately 3 · 10 7 cells were administered into each irradiated animal. One month after transplantation, a group of chimeras (n = 44) was injected with pilocarpine (280 mg/kg) to induce SE. Behavioral data were collected during the SE, and the seizures were classified according to a modified version of the Racine scale (Shibley & Smith, 2002) . The animals were deeply anesthetized and perfused with 4% paraformaldehyde at the following time points post-SE: 2 h (n = 6), 24 h (n = 6), 48 h (n = 6), 72 h (n = 6), 96 h (n = 6), 7 days (n = 7), or 15 days (n = 7). Before the perfusion, the animals from the 24 h, 7 day, and 15 day groups were administered 5-bromo-2¢-deoxyuridine-5¢-monophosphate (BrdU, 50 mg/kg) once a day beginning at 30 min of SE onset and ending 2 h before the perfusion. Control chimeric animals (n = 15) were injected with saline and also with BrdU. The brains were removed and processed for immunofluorescence. Sections were incubated with anti-GFP AlexaFluor 488-conjugated (1:600), anti-BrdU (1:500), anti-NeuN (1:200), anti-GFAP (1:200), and anti-Iba1 (1:2,000) antibodies. The sections were then conjugated to the fluorochromes and analyzed using fluorescence and confocal microscopes. GFP + cells were counted in 10 random, nonoverlapping fields for all of the time points post-SE (2 h, 24 h, 48 h, 72 h, and 96 h, 7 days, and 15 days) and controls. 
Results
Although there was a low number of GFP + cells in the control chimeric animals, a significant increase of the GFP + cells was observed in the brain after SE (p < 0.05). The number of these cells gradually increased at different time points after SE (2 h, 24 h, 48 h, 72 h, 96 h, 7 days, and 15 days) (p < 0.001). The GFP + cells began increasing in frequency by 48 h and continued increasing until 15 days after SE, which was the last time point examined (supporting information). The hippocampus had the largest number of GFP + cells, followed by the choroid plexus and thalamus (p < 0.001). The GFP + cells were concentrated in the hilus, CA1, and CA3. In addition, more GFP + cell clusters were observed in caudal levels of the ventral hippocampus than in the dorsal hippocampus. The number of bone marrowderived GFP + cells in the brain was also influenced by the severity of SE based on a Racine modified scale. Fifty-four percent (precisely 54.3%) of the total number of GFP + cells was found in animals with the highest scores (4 and 5) and 25.5% was present in animals with a score of 3. Scores 1 and 2 were excluded from this analysis.
By counting the number of GFP hippocampus, SVZ, and choroid plexus of SE mice at 7 days, but they decreased at 15 days (p < 0.001). In the hippocampus, no GFP + /BrdU + cells were present in the control group, very few were present in the 24 h group, and the number of cells increased approximately 10-fold by days 7 and 15 (Fig. 1) 
Discussion
The gradual migration of bone marrow-derived cells in the chimeric brain began immediately after SE induction and continued for at least 15 days, whereas the proliferation of these cells and their microglial phenotype began later (7 days and 15 days). At all times after SE the majority of GFP + cells concentrated in the hippocampus. This preferential concentration of bone marrow-derived cells may result from the type of seizure induced by the pilocarpine model, which damages the hippocampus predominantly (Mello et al., 1993) .
Interestingly, the majority of bone marrow-derived cells present in the brain exhibited the characteristics of microglia during the first and second weeks following SE, although the increase did not occur in the first 24 h. Endogenous microglia were already numerous a few hours after SE (2-24 h) but they were not derived from the transplanted bone marrow (GFP ) ). The bone marrow-derived cells expressing the microglial marker (GFP + /Iba1 + ) appeared 7 days and 15 days following SE. These findings suggest a biphasic nature of microglia according to which microglia already present at the inflammation site are recruited during the first 24 h after SE, followed by the migration of bone marrow-derived microglia to the damaged tissue during the first and second weeks after SE. Recent studies have shown that bone marrow-derived and CNS resident microglia cells possess different properties and kinetics (Napoli & Neumann, 2009 ). Moreover, articles reviewing microglial function in the CNS have proposed that microglia serve a dual role in neurogenesis and inflammation depending upon the balance between secreted molecules with pro-and antiinflammatory action and on the physiologic situation (Monje et al., 2003; Ekdahl et al., 2009 ). There is evidence of both protective (Albensi, 2001 ) and toxic (Vezzani et al., 2000; Borges et al., 2004) roles of the inflammatory response elicited following seizures to control the patterns of neuronal loss and replacement associated with seizures.
In summary, the temporal migration, distribution, and proliferation patterns of bone marrow-derived cells in the brain after SE were modified as part of the inflammatory response that occurs following progressive brain injury characteristic to this model. Whether these bone marrowderived cells have degenerative or regenerative effects on seizure-induced damage is still unclear. Our study helped clarify some important issues regarding bone marrowderived cells in seizure and may contribute to develop novel and reliable cell-based therapies in the future.
Supporting Information
Additional supporting information may be found in the online version of this article: Table S1 . Listing of correlations. Figure S1 . Quantitative assessment of green fluorescent protein-positive (GFP + ) cells in the brain of chimeric mice. The increasing number of GFP + cells in status epilepticus (SE) (as black square) at each time point along 15 days after SE-2 h (n = 6), 24 h (n = 6), 48 h (n = 6), 72 h (n = 6), 96 h (n = 6), 7 days (n = 7), or 15 days (n = 7)-was compared to the control (n = 15), which is represented as an opened square (*p < 0.001 vs. control group). Figure S2 . Distribution of degenerating neurons after status epilepticus (SE). Fluoro-Jade B-positive neurons in the neocortex (A, D), pyramidal layer of CA1 in the hippocampus (B, E), and thalamus (C, F) of respectively 8 h, 7 days, and 15 days after SE (magnification of 20· in A, B, and C and 40· in D, E, and F). Figure S3 . Expression of glial and neuronal markers 7 days after status epilepticus (SE). Images show green fluorescent protein-positive (GFP + ) cells (green) counterstained with 4¢,6-diamidino-2-phenylindole (DAPI) (blue) for the nuclear staining (A, C, D, F, G, and I) in the neocortex. CD11b + (B and C), GFAP + (E and F), and NeuN + (H and I) cells were stained in red. In C, F, and I images were merged. Arrows indicated GFP + CD11b + cells in C. Magnification of 20·. Figure S4 . Confocal image of BrdU (red) and green fluorescent protein (GFP) (green) merged cells in the hippocampal area 7 days after status epilepticus (SE). Note microglial morphology of donor-derived GFP + /BrdU labeled cells. (magnification of 60·, Olympus FV100).
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